Interventions in the neonatal environment in rats and their relationship to behavior in adulthood and maternal behavior Psychology Abstract The objective of this study was to assess the role of environmental/nest components and maternal behavior after several neonatal interventions on subsequent behavioral responses. Male Wistar rats were subjected to different neonatal interventions and were later evaluated for innate fear-like behavior in adulthood. The experimental groups included nonhandled (i.e., animals were not touched), handled (i.e., animals were separated from their mother, removed from the nest, and handled for 10 min/day), brief maternal separation (i.e., the mother was removed from the homecage for 10 min/day, and the pups remained in their cages without being touched), and tactile stimulation (i.e., the mother was removed from the homecage, and pups were stimulated with a brush for 10 min/day within the nest). The mother's behavior was recorded during the neonatal period, and the male pups were later tested in the open field as adults.
Introduction
The neonatal period is a phase when an animal's first social connections are formed (Scott, 1962) . Normal interactions in the mother-pup relationship are important for the proper growth and development of mammals (Pauk, Khun, Field, & Schanberg, 1986) . Maternal behavior in rats consists of various integrated elements related to the nutrition and care of the offspring. These behaviors either directly involve the pups (e.g., lactation, licking, searching for pups) or do not directly involve the pups (e.g., building nests, maternal aggression) (Numan & Insel, 2003) . In rats, mothers spend up to 85% of their total time during the lactation period in the nest with their pups, feeding or licking their litter (Grota & Ader, 1969; Stern & Johnson, 1990) .
Several studies have shown that the neonatal environment can have a decisive influence on animal development, inducing behavioral, neuroendocrine, and neural changes that endure throughout life (Levine, 2001; Liu, Caldji, Sharma, Plotsky, & Meaney, 2000; Meaney et al., 1996; Padoin, Cadore, Gomes, Barros, & Lucion, 2001) . Previous studies demonstrated that pups subjected to neonatal handling, which involves concomitant brief maternal separation and tactile stimulation of the pups, exhibit less fear-like behavior as adults in novel or adverse environments compared with adults that were not subjected to neonatal handling (Bodnoff, Suranyi-Cadotte, Quirion, & Meaney, 1987; Fernandez-Teruel, Eschorihuela, Driscoll, Tobena, & Battig, 1991; Levine, Haltmeyer, Karas, & Denenberg, 1967; Madruga, Xavier, Achaval, Sanvitto, & Lucion, 2006) . These animals also exhibit important reproductive and neural changes (Gomes, Frantz, Sanvitto, Ancelmo-Franci, & Lucion, 1999; Gomes et al., 2005; Lucion, Pereira, Winkelman, Sanvitto, & Anselmo-Franci, 2003) . Liu et al. (1997) proposed that long-lasting behavioral and neuroendocrine changes can be explained by alterations in the mother-pup relationship and an increase in maternal behavior after pups return to the nest after the neonatal handling procedure (Liu et al., 1997; Macri, Mason, & Wurbel, 2004) . Mothers whose pups were handled for 15 minutes during the neonatal period exhibit increased licking and arched-back feeding behaviors compared with mothers of nonhandled pups (Francis, Champagne, Liu, & Meaney, 1999; Liu et al., 1997) .
Studies have shown that neonatal separation from the mother, in which male pups were removed from the nest for 3 hours per day, increases corticosterone secretion in response to stress and increases anxiety levels when exposed to novel environments as adults (Kalinichev, Easterling, Plotsky, & Holtzman, 2002; Matthews, Wilkinson, & Robbins, 1996) . The tactile stimulation procedure prevents or reverses the decrease in growth hormone and the increase in corticosterone secretion in pups that were separated during the neonatal period (Schanberg, Evoniuk, & Kuhn, 1984) .
A previous study conducted in our laboratory (Benetti, de Araújo, Sanvitto, & Lucion, 2007) demonstrated that mothers of rats handled inside and outside of the nest during the neonatal period (i.e., half of the litter was exposed to a novel environment, and the other half remained in the nest) do not exhibit changes in maternal behavior towards their pups. However, as adults, males that were handled outside of the nest exhibited less fear in the open field and reduced sexual behavior compared with pups handled inside the nest, indicating that the environment/nest plays a key role in development and later responses in adulthood.
However, few studies have explored the reasons why such interventions during the neonatal period can induce significant behavioral changes in adulthood. Thus, the objective of the present study was to assess the role of the environment/nest component and maternal behavior after several neonatal interventions in later behavioral responses. Male Wistar rats were subjected to different neonatal interventions and were later evaluated for innate fear-like behavior in adulthood. The assessment of these components (environment/nest and maternal behavior) may explain the behavioral changes observed in these animals in adulthood. Four different experimental groups were used: nonhandled, handled, brief maternal separation, and tactile stimulation.
Methods

Animals
Primiparous pregnant Wistar rats (n = 59), aged 75 days and weighing 240 ± 20 g, were obtained from the Universidade do Vale do Rio dos Sinos. After parturition, the females were divided into four experimental groups according to which intervention was carried out with the pups: nonhandled, handled, brief maternal separation, and tactile stimulation. At 21 days of age, the pups were weaned, and males were housed five per cage until adulthood (90 days). One male from each litter (n = 59) was used for evaluation in the open field test.
All animals were housed in a temperature-controlled room (22 ± 1°C) under a 12 h/12 h light/dark cycle, with lights off at 4:00pm. All animals had free access to water and food (Nuvilab Cr2, Colombo, Brazil) for the entire study period. All of the experiments were conducted according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals and the Brazilian School of Animal Experimentation (COBEA) guidelines.
Neonatal intervention
Pregnant rats (n = 59) were individually placed in transparent acrylic boxes, and the day of parturition was monitored and designated day 0. On the day following parturition, the litters were randomly standardized into eight pups each, without consideration of the sex of the pups. The litters undergoing one type of neonatal intervention until postnatal day 10 were allocated to the following groups. In the nonhandled group (n = 15), animals were not touched by researchers or by the vivarium staff during the first 10 postnatal days. In the handled group (n = 15), animals were separated from the mother and handled for 10 minutes per day for the first 10 postnatal days. The handling procedure consisted of removing the mother from the homecage and placing it in a separate room. The pups remained in the colony room, separated from the nest, and were handled for 10 minutes per day by a latex-gloved researcher as described in previous studies (Gomes et al., 1999 (Gomes et al., , 2005 Padoin et al., 2001; Raineki et al., 2008 Raineki et al., , 2009 Severino et al., 2004) . The pups were then immediately returned to their homecages, and the mother was then returned to the cage (Severino et al., 2004) . In the brief separation group (n = 14), the mother was removed from the homecage and placed in another room for 10 minutes, and the pups remained in their cages without undergoing any other intervention (Macri et al., 2004) . In the tactile stimulation group (n = 15), the mother was removed from the homecage and placed in another room for 10 minutes each day. The pups remained in the nest and were vigorously stimulated with a soft bristled brush on their backs during their mother's absence for the first 10 postnatal days (Pauk et al., 1986) . After the stimulation of each litter, the brush was washed with soap and dried.
All experimental procedures began on the day following parturition (day 1) and were performed during the light cycle at random times (Raineki et al., 2008 (Raineki et al., , 2009 Severino et al., 2004) . Cleaning of the homecages began on postnatal day 11.
Maternal behavior
After the interventions, the mothers' behavior (n = 59) with their litters in the homecage was video recorded during the light cycle for 30 minutes on postnatal day 1, 5, and 10. The behaviors observed included the following: mother licking any pup (body surface or anogenital region), mother nursing pups in arched-back posture, gathering the pups, and remaining in the nest (Moore, 1992; Stern & Johnson, 1990) . Maternal behavior data were expressed as the mean of the three recordings (postpartum day 1, 5, and 10) for each rat in each group.
Open field test
The male pups were weaned on day 21. On day 90, they were tested in the open field as previously described (Blanchard & Blanchard, 1988) . The open field consisted of a 1 m 2 wooden box with 50 cm high walls. The arena was surrounded by 30 cm high walls and divided into 25 equal squares painted on the floor, with 16 squares in the lateral zone and nine squares in the central zone of the arena. The experimental procedure consisted of placing a rat in a random corner of the open field and video recording its activity for 5 minutes. The test was performed at 10:00am during the light cycle under natural light with the room's lights turned on. Three test-specific behaviors were assessed: total locomotion (i.e., number of line crossings), number of visits to the central zone, and time spent in the central zone (Benetti et al., 2007; Madruga et al., 2006) . At the end of the test, the rat was removed from the arena, and the floor was washed with 50% alcohol and wiped dry. Innate fear-like behavior was determined by evaluating locomotor activity in the central zone of the open field (Benetti et al., 2007; Madruga et al., 2006) . Duration and latency parameters were included for all of the aforementioned behaviors.
Behavioral analysis
All behavioral analyses from this study were recorded on VHS tape and later evaluated using Noldus Observer software (Noldus Information Technology, Wageningen, The Netherlands).
Statistical analysis
Mean (± SEM) latency and duration were compared between experimental groups using one-way analysis of variance (ANOVA) followed by the Newman-Keuls post hoc test. Pearson's correlation analysis was performed for licking and open field behaviors. When interpreting the results, values of p < .05 were considered statistically significant. Figure 1a shows the duration of licking behavior. One-way ANOVA revealed a significant increase in the duration of licking behavior in the handled group compared with the other groups (F 3,55 = 4.61, p = Figure 1 . Mean (± SEM) licking behavior (a) and archedback posture (b) in female rats whose pups were subjected to an intervention during the neonatal period. Each lactating rat was analyzed for 30 minutes after the experimental procedure. The number of animals (N) is shown in parentheses. Oneway ANOVA was used, followed by the Newman-Keuls post hoc test. Significant differences (p < .05) between groups are indicated by different letters (a and b), whereas the same letters indicate no difference.
Results
.005). Figure 1b indicates no significant difference in nursing behavior with an arched-back posture between groups (F 3,55 = .77, p = .51).
No significant differences were observed in the amount of time the mother remained in the nest between the handled, brief separation, and tactile stimulation groups compared with the nonhandled group (806.5 ± 85.26 s, 566.2 ± 107.8 s, 753.9 ± 83.96 s, 818 ± 115 s, respectively; mean ± SEM). No significant differences were observed between groups in the time mothers spent gathering pups in the nests (472.2 ± 681.2 s, 422.4 ± 601.8 s, 486.8 ± 85.2 s, 322.9 ± 56.24 s, respectively; mean ± SEM). Figure 2a shows a significant reduction in the latency (F 3,55 = 5.22, p = .003) and Figure 2b shows a significant increase in the duration (F 3,55 = 3.42, p = .02) for entering the central zone of the open field in handled and brief separation groups compared with nonhandled and tactile stimulation groups. However, no significant correlations were found between licking behavior and either the latency or duration to enter the central zone of the open field in the handled (r = .06 and r = .07, respectively) and brief separation (r = -.32 and r = .01, respectively) groups.
No significant difference was observed in the frequency of rearing behavior in the handled, brief separation, and tactile stimulation groups compared with the nonhandled group (19.13 ± 2.2, 19.64 ± 1.7, 15.79 ± 1.7, 16.07 ± 2.5, respectively; mean ± SEM). Moreover, no significant differences were observed in scanning behavior (4.25 ± 1.2, 4.4 ± 1.3, 1.64 ± .5, 3.6 ± 1.2, respectively; mean ± SEM).
Discussion
The present study demonstrated that environmental variations during the neonatal period generate stable behavioral changes in adulthood that may or may not be associated with modifications in maternal behavior. The neonatal handling model used in the present study consists of briefly removing pups from the nest followed by tactile stimulation. Our results showed that when the pups were returned to their nests, an increase in mother licking behavior was observed. Additionally, as adults, the animals exhibited less fear-like behavior than those that were not subjected to maternal separation and tactile stimulation. These results are consistent with previous reports, in which animals handled during the neonatal period exhibited less fear-like behavior when exposed to the open field test (Madruga et al., 2006; Padoin et al., 2001) .
However, in the brief separation group (in which the mother was briefly removed from the homecage and the litter remained in the environment), no change in maternal behavior was observed. When these pups became adults, they exhibited reduced fear-like behavior, a result similar to that found in the handled group. Our results are consistent with Macri et al. (2004) , which used a similar methodology. In this study, no changes were observed in maternal behavior (i.e., licking and feeding with an arched back) compared with the control group. However, a reduction in fear-like behavior was observed in adult rats in the open field test.
In rats, the main tactile stimulation that pups receive from the mother is licking of the body and anogenital region, a behavior as important as feeding (Van Oers, de Kloet, & Levine, 1999) . Several studies emphasize the importance of the mother-pup relationship during the neonatal period for the full development of the offspring (Champagne, Francis, Mar, & Meaney, 2003; Pauk et al., 1986) . Changes in the mother's behavioral patterns can alter both the plasticity of the pups' nervous systems and their behavior (Van Oers et al., 1999) . Some studies (Champagne et al., 2003 ; field test in rats subjected to an intervention during the neonatal period. Each rat was analyzed for 5 minutes. The number of animals (N) is shown in parentheses. One-way ANOVA was used, followed by the Newman-Keuls post hoc test. Significant differences (p < .05) between groups are indicated by different letters (a and b), whereas the same letters indicate no difference. Liu et al., 1997 Liu et al., , 2000 Meaney et al., 1996) suggest that the behavioral changes observed in adult rats handled during the neonatal period are attributable to the mother's increased licking behavior. However, the present results reveal that the mothers that were briefly separated from their pups exhibited no significant changes in maternal behavior, but their offspring had behavioral changes in adulthood similar to the handled group. These results indicate that licking behavior is not the only important factor; the absence of this behavior over a specific period also plays a role. Although the maternal behaviors analyzed in the present study are important, other behaviors could also play a role in the behaviors exhibited in adulthood. The neonate's environment (e.g., the nest and homecage) is also a fundamental factor for normal development (Benetti et al., 2007) . Our results suggest that removal from the nest might be the most critical factor for changes in maternal behavior. The groups whose intervention did not involve removal of the litter from their environment (separation and tactile stimulation) displayed maternal behavior similar to the control group.
In the tactile stimulation group, in which the mother was taken from the nest and the pups remained in their environment and were stimulated, no change in maternal behavior or fear-like behavior was observed in adulthood compared with the nonhandled group. A previous study (Pauk et al., 1986) found that tactile stimulation with a brush reversed the effects caused by a 2 hour neonatal separation per day, which led to reduced growth hormone levels and reduced ornithine decarboxylase in heart tissue. These previous results, combined with those of the present study, suggest that this tactile stimulation procedure is not an adverse stimulus and may substitute for the role played by the mother by mimicking the mother's behavior. The behavioral changes in adulthood secondary to interventions during the neonatal period appear to be related to an appropriate balance of tactile stimuli during this period. Excessive stimulation (i.e., an increase in maternal behavior in the handled group) and a lack of stimulation for a specific period (i.e., brief separation) induced stable changes, whereas tactile stimulation, which mimics normal maternal behavior, prevented these changes despite the period of separation from the mother.
A stable mother-pup interaction and neonatal environment/nest appear to be critical for normal growth and development in rats. Our results confirm that interventions during the neonatal period cause stable behavioral changes (decreased innate fear) in adulthood and that absent or excessive tactile stimulation may be an important factor. We can conclude that both repeated disruption of the mother-infant relationship and withdrawal from the environment/nest are factors that exert profound effects on the development of the animals.
